BACKGROUND: Apart from its physical effects air pollution might exert psychological stress effect on health. Based on the limited evidence about the symbolic value of urban greenness in traffic perception and a small body of research indicating that greenness might abate the negative perception of noise pollution, we hypothesized that it could also reduce air pollution annoyance.
INTRODUCTION
Ambient air pollution is a major environmental risk (1) . It is associated with increased overall morbidity and mortality mostly due to cardiovascular and respiratory diseases (2) . However, its indirect psychological effects have not been studied sufficiently and the evidence is still limited. Some have suggested that stress may be mediating these effects (3) . According to Colligan, air pollution is "a general source of stress" which could affect people through Scripta Scientifica Salutis Publicae, vol. 2, No. 2, 2016, online first Medical University of Varna two psychological pathways -direct neurobehavioral effects of specific contaminants and an indirect arousal of the autonomic nervous system (4). Similar to noise annoyance, air pollution annoyance might be considered an indicator of these stress effects. Annoyance can be defined as a feeling of displeasure associated with any agent or condition believed to have an adverse effect (5). It gives account of the combined psychological and physiological stress caused by air pollution (6). The actual mechanisms underlying this annoyance reaction are not clear but it is contingent, on one hand, on the organoleptic properties of air pollutants, and, on the other, on the cognitive stress generated by the information and knowledge of people's personal exposure and its detrimental effects (7). While olfactory perception through the trigeminal system plays an important role in air pollution annoyance, health risk perception and health worry might be intervening factors. A study by Stenlund et al. proposed a model of the indirect effect of air pollution, according to which they were mediated through perceived air pollution, health risk perception, and annoyance (8). Later, Claeson et al. tested the same model but had to re-specify it, so that, in their final model, both air pollution and annoyance had only indirect effect on health symptoms through health risk perception (9). The evidence outlined above indicates that how we perceive air pollution is important element of its adverse effects. According to Oiamo "[h]ealth care strategies to manage or alleviate biomedical health outcomes of environmental exposure are well established, but little is known about the ecosocial health benefits of reducing exposures as a public health strategy" (10). Therefore, buffering these stress reactions should be investigated as a means of reducing the burden of disease associated with air pollution. However, research on air pollution annoyance and health is much scarcer in comparison to that on noise annoyance (11) . Green spaces are known to reduce air pollution in the urban environment by filtering particulate and gaseous pollutants, deposing them on plant surfaces, increasing their dispersion and altering the local temperature (12, 13, 14, 15) . There is, however, another alleged pathway, which has received little attention. Several studies have already shown that living in a greener environment and closer to green spaces are associated with lower levels of noise annoyance (16, 17) . It was suggested that the underlying pathways might be related to stress reduction and perceived control over the environment or even mitigating people's sensitivity to noise (17) . However, almost nothing is known about the psycho-social benefits of interacting with urban greenness regarding air pollution perception. A survey carried out in London and based on phenomenological analysis of recorded interviews explored participants' attitudes, beliefs, knowledge, and subjective ratings of neighborhood air pollution (18) . One of the findings was that the presence of trees and vegetation could balance the negative perception of traffic because participants believed trees to "have a physical function of actively cleaning the air and also of producing oxygen, which improved the air" (18) . A symbolic and therapeutic value was attached to vegetation which "helped protect people from the experience of pollution and allowed them to feel that their neighbourhood was still healthy" (18) . Field surveys have also shown that people rate the positive impact of green spaces on air quality as one of its important functions (19,20). Conversely, Shmool et al. looked at the correlations between perceived neighborhood air quality and area-level tree cover and found them to be modest and non-significant (21).
Based on the above, we hypothesized that the interaction with urban greenness would be associated with lower air pollution annoyance through lower perceived exposure to air pollution. We aimed to test this hypothesis and to determine whether greenness could buffer the annoyance reaction to air pollution.
MATERIAL AND METHODS

Study Area and Design
This study is based on a secondary analysis of a dataset from a cross-sectional survey carried out in the city of Plovdiv, Bulgaria (July -November, 2014). Plovdiv is the second-largest city in the country. It is characterized by a densely populated central area, several industrial zones, and a "wide network of busy streets and train tracks, big parks and other green yards" (22). Air pollution in the city is also high and often exceeds national standards (23).
Questionnaire data were collected via two procedures -snowball sampling and field interviews. Two hundred and forty nine questionnaires were distributed via snowball sampling and 213 were com-pleted (85.5%); 1906 citizens were approached during the field sampling and of those only 368 agreed to participate (19.3%). Main reason for non-participation was the lack of time and/or fear of revealing personal information. A total of 508 cases were included in the analyses. Given the parameters of the tested mediation models in the present study, this sample size was considered sufficient (24; 25).
Because of its non-invasive measurements, observational nature, and adult population this secondary study did not undergo ethics approval by an Institutional Review Board (the primary study, for which data were collected, was approved). All participants were assured of anonymity and participation was voluntary. Answering the interview or completing the questionnaire implied informed consent. Further details on data collection and study design have been reported elsewhere (17) .
Assessment of Objective and Perceived Exposure
The objective indicators for air pollution in the neighborhood that we used were average annual allsource fine particulate matter (PM 2.5 ) (a pollutant derived from fossil-fuel combustion) and average annual all-source benzo(α)pyrene (BaP) (a polycyclic aromatic hydrocarbon formed in the process of incomplete combustion of organic material). Data on these indicators were extracted from an official municipality source reporting air pollution maps (26). Pollutant dispersion modelling was done for 2011 with SELMA GIS 9.28 (Lohmeyer GmbH & Co. KG). Owing to the low spatial resolution of the maps and the distribution of cases across the exposure categories, we dichotomized these variables in the analyses as follows: . Because of the spatial resolution, exposure levels were assigned to the participants even if only their residential neighborhood was reported.
Self-reported traffic exposure was used as a proxy for traffic counts and air pollution (27). The question asked: "How would you describe the road that your home is located at and its traffic? Please, rate the traffic intensity based on comparisons with other streets of Plovdiv." with possible responses: "very rare/no traffic", "moderately busy street", "considerably busy street", "heavy traffic", "extremely busy street/extreme traffic").
L den -defined as "average" noise levels during daytime, evening, and night-time, applying a 5-dB penalty to noise in the evening and a 10-dB penalty to noise during the night -was chosen for road traffic noise indicator. Combined L den data from all traffic sources were elicited from the official strategic noise maps (10 × 10 m grid, 4 m height) of Plovdiv created in 2009 in compliance with the Environmental Noise Directive 2002/49/EC. Noise levels were assessed at the coordinates of the residential address, unless the participant had indicated the orientation of the apartment. L den was modelled with LimA v. 5 (Brüel & Kjaer, Naerum, Denmark).
Perceived air pollution exposure in the neighborhood was derived from an 11-point visual analogue scale: "According to you, how severe is the air pollution in your neighborhood?" ("0, not at all" to "10, extremely").
The question on air pollution annoyance asked: "To what extent are you disturbed, annoyed or irritated by the air pollution in your neighborhood?" (11-point visual analogue scale: "0, not at all" to "10, very much").
Greenness indicators
The following indicators of greenness and interaction with it were used (17):
After geocoding participants' addresses, we measured the Euclidean distance to the nearest green space, meeting several predefined minimum quality criteria for having a social function Perceived greenness of the neighborhood was elicited from the question: "According to you, how green (street trees, gardens, parks, etc.) is your neighborhood?" (10-point visual analogue scale ranging from "1, none at all" to "10, 100%") Time spent in green spaces per week (in hours) Having a garden at home ("no"/"yes") Other factors Perceived health: "How would you rate your overall health status during the past year?" with the following response options: "very poor", "poor", "mostly poor", "mostly good", "good" and "very good".
Noise sensitivity measured with the Noise Sensitivity Questionnaire Short Form (28) . According to some authors (29,30,31), noise sensitivity is associated with environmental and odor sensitivities and shares some of their variability. Furthermore, noise sensitivity was found to correlate with air pollution annoyance (32).
Duration of residence at the present address Number of the floor on which the participant lived/apartment floor Data Analytic Strategy Data were initially screened for missing rates, uni-and multivariate normality, and outliers. Welch's t-test and ANOVA were used to compare mean scores of air pollution annoyance and perceived severity of air pollution across other relevant factors, and Spearman correlations were used to correlate them with interval or ordinal variables.
We tested the hypothesis that a shorter distance to the nearest green space and higher perceived greenness of the neighborhood are associated with lower air pollution annoyance and that this total effect is significantly mediated through lower perceived air pollution exposure. Figure 1 presents the hypothesized model. The mediation analysis was conducted with PROCESS v. 2.13, an add-on for SPSS for statistical mediation, moderation, and conditional process analysis (33). PROCESS was used with the following specifications: model 4, bootstrap-generated bias corrected 95% confidence intervals (5000 samples, random seed) and heteroskedasticity-consistent standard errors. Indirect effects were considered statistically significant if the 95% CI did not overlap zero. Based on prior theory, the effects of distance to green space (per one interquartile range increase) and perceived greenness (per one interquartile range increase) were adjusted for age, gender ), L den (per 5 dB increase), time spent in green spaces/week (per 1 hour), having a garden at home ("yes" versus "no"), and for each other. The model was initially run on the total sample (n = 508) and then separately for men (n = 185) and women (n = 323).
Due to underreporting of residential addresses, we had missing values on the variable "distance to green space". Therefore raw data were imputed using the expectation-maximization algorithm.
Results were considered statistically significant at the p < 0.05 level (two-tailed). Data analyses were conducted with SPSS v. 17.
RESULTS
Participants' average age was 36.45 years (SD = 15.39, range: 18 -83 years) and 185 (36.06%) were male. The mean of air pollution annoyance was 5.80 (SD = 2.29) with 21.83% (n = 112) of participants being highly annoyed (score > 7). According to Table  1 , air pollution annoyance was not significantly associated with age and gender, although middle-aged people and women reported higher annoyance. Widowed, divorced, and participants with lower socioeconomic status were significantly more annoyed. Higher noise sensitivity, self-reported traffic, and road traffic noise were also associated with higher annoyance. Although people exposed to higher levels of objectively estimated air pollution were more annoyed, those associations were non-significant. Perceived air pollution exposure was significantly and positively associated with air pollution annoyance. With respect to the green space indicators, living closer to a green space and in a greener neighborhood were associated with lower annoyance. Finally, there was a negative correlation between annoyance and perceived health. Perceived air pollution exposure was not associated with any of the individual characteristics; conversely, it was significantly higher when objective air pollution, road traffic noise, and self-reported traffic were higher. It was lower for those living closer to a green space and having a garden at home and it was inversely associated with perceived health.
The median distance to a green space was 90.88 m (IQR = 171.83 m), 35% had a garden at home, the median rating of neighborhood greenness was 6.00 (IQR = 2.25), and participants who were visiting neighborhood green spaces spent there a median of 1.75 h/week (IQR = 2.50). Living closer to a green space was associated with higher perceived greenness of the neighborhood and with having a garden. Those spending more time in green spaces also rated their neighborhood as "greener" and had a garden at home. Further associations between these greenness indicators and demographics are reported elsewhere (17) .
Based on prior theory and the observed associations in the dataset, we set up a data-based mediation model to test the a priori model. The total effect of distance to green space on air pollution annoyance was .28 (95% CI: .06, .50). It was comprised of a non-significant direct effect (B = .08, 95% CI: -.12, .27) and a significant indirect effect through perceived air pollution exposure (B = .20, 95% CI: .11, .33). Figure 2 presents the path coefficients depending on gender. Among men, neither of the paths was With respect to perceived greenness, neither the total (B = -.06, 95% CI: -.43, .30), nor the direct (B = -.20, 95% CI: -.51, .10), or the indirect effects (B = .14, 95% CI: -.0004, .31) were significant in the total sample. According to Figure 3 , among women only the indirect effect was significant.
The total (B = -. 
DISCUSSION
Initially we examined the distributions and univariate associations between the variables. Based on prior theory and the observed associations in the dataset, which were found to be theoretically feasible and meaningful, we tested a mediation path model adjusted for important confounders and stratified by gender. According to this model among women, living closer to a green space was associated with lower perceived air pollution exposure and through itwith lower annoyance. The indirect path was driving the total effect and perceived air pollution exposure acted as a full mediator. This mediation path is in line with the qualitative results of Day (18) -people living in greener environment may experience lower perceived air pollution because vegetation is held to have the ability to physically clean the air and reduce the level of harmful contaminants. Among men there was no effect. The gender differences we found could be explained by several psycho-social mechanisms. On one hand, women differ in their subjective risk assessment, they have higher proclivity to concern themselves (34), and are less likely to take risks (35). On the other, there are gender differences in the neuroendocrine and psychological response to stress (36). Moreover, green spaces affect the psycho- logical and cortisol stress response of men and women in a different fashion (37), and, according to Richardson and Mitchell, men and women utilize different functions and experience green spaces differently (38). Thus women might be more susceptible to the psychological stress effects of air pollution and at the same time more likely to believe that green spaces could lower their exposure and, as a result, thus benefit more from them. With respect to perceived greenness, no effect on air pollution annoyance was found. This might be explained by the fact that green space quality is important for people and, while it was considered when measuring the distance to the nearest green space, participants disregarded it in their assessment of perceived greenness (17) . Moreover, greenness refers to various types of plants such as bushes and grass in addition to tress, and the effectiveness in air cleaning is vegetation type-dependent (14) . It is also possible that the concept of a green space (that is, of spatially consolidated and socially organized vegetated public space) is the one associated with the notion of reducing air pollution, rather than the overall greenness of the neighborhood, which also includes street vegetation, backyard gardens, green patches, etc.
Air pollution annoyance was not associated with exposure to fine particulate matter but rather with BaP and road traffic noise. The perceived level of pollution was a significant partial mediator of these effects, as previously hypothesized (9). Although we did not have a variable representing health risk perception, it could be a mediator antecedent to perceived air pollution in the causal chain between the distance to green space and annoyance. In short, we hypothesize that urban greenness might reduce the perceived level of air pollution by making people feel safer and a higher level of control over their environment, which in turn could reduce the perceived level of exposure and, as a result, mitigate their annoyance.
Strengths and Limitations
To our knowledge, this is the first study to investigate the quantitative relationship between urban greenness, perception of air pollution, and annoyance. Its strengths are its novelty, combination of objective and perceived exposure indicators, and employment of indicators representing different dimensions of interaction with urban greenness.
However, it has some limitations. First, owing to the cross-sectional design, the direction of the paths in the model does not imply causal relationships between the variables. For example, highly annoyed people might have proclivity to report higher exposure to air pollution. The partial representativeness of the sample and imperfect data collection procedure hinder generalization of the results. Nevertheless, at this formative stage of research this is acceptable. For this reason, we did not use a complex structural equation modelling because we wanted to adhere to a simplistic and parsimonious solution.
Secondly, the validity of the measures we used might be questioned. The objective air pollution data about PM 2.5 and BaP were based on dispersion models and referred to 2011, and noise data referred to 2009; exposure levels at the time of enrollment might have changed. Conversely, self-reported traffic was also a proxy for road traffic noise, but it was not included in the path model because, unlike PM 2.5 and BaP, it is a proxy only for traffic-related air pollution, whereas the question on annoyance referred to both linear and stationary sources. Moreover, self-reported traffic is biased by individual discrimination between the exposure categories (27). Road traffic noise, on the other hand, was included as a confounder because there is a complex interplay between traffic noise, exhaust and annoyances (32,39,6) and studies have shown that noise and air pollution might act synergically and both be associated with odor annoyance (40,10).
Our annoyance question did not specify the condition of keeping the participants' windows open like previous studies (11) but this might not be a limitation, since the latter restricts the measure to annoyance by outdoor air pollution when indoors (41). It also referred to general annoyance from air pollution, rather than odor annoyance. This means that the annoyance reaction was determined by both the organoleptic characteristics of the air pollutants (color, odor, etc.) and participants' knowledge of their own exposure and the harms of it, which acted as a cognitive stressor (7). We did not have a measure of odor sensitivity and we chose not to use noise sensitivity as a proxy for it, although it might be justi-fied by some authors (29,30,31); others, however, cautioned against it (42,43). As for the validity of perceived air pollution exposure, it was not associated with demographics but rather with self-reported traffic, objective air pollution, and noise, which indicates criterion validity. The limitations of the greenness indicators have been discussed in detail elsewhere (17) .
Future Research
In order to implement strategies for attenuation of the psychological stress effects of environmental pollution through urban greening and planning of green spaces we must first gain clear insight into the underpinning mechanisms, which are currently vaguely defined (17) . More sophisticated and validated measures of objective air pollution and scales for perceived exposure, its stress effects, and odor sensitivity should be used; the constructs of perceived risk and control over the environment should be included in the models. Additional explanatory variables, representing interaction with green spaces and their social and symbolic functions for the local residents, need to be studied, using both qualitative and quantitative methods (18) .
Alongside health risk perception, two other possible pathways merit further investigation. One is the general stress reduction, a hypothesis not supported by our study due to the lack of direct paths between the green space indicators and annoyance. On the other hand, traffic emissions may dominate the urban smellscape, masking floral and other subtle nature scents (44). It would be interesting to look at the interactions between olfactory perception of vegetation and traffic. Effect modification by individual differences such as gender is also of interest. Different air contaminants need to be included in the models, since their effects might vary depending on their characteristics (e.g., odor). Integrated models investigating the effects of greenness on both noise and air pollution perception will expand our perspective and capture a wider panorama of the epidemiological reality, because air pollution and traffic noise might act in synergy and have mutually confounded effects on both types of annoyance (40,10).
Public health programs should be contingent not only on biomedical but also on environmental interventions for mitigating environmental pollution. Pollution is an ecosocial phenomenon occurring within the urban context and influenced by the latter in terms of the actual level of exposure and how it is being evaluated by individuals. Thus in order to mitigate the health impact of air pollution, in addition to lowering its objective levels, its psychological stress effects should be targeted through increasing the amount and access to urban green spaces (18) .
CONCLUSION
Women living closer to green spaces perceived their exposure to air pollution as lower and through this were less annoyed. Perceived air pollution acted as a full mediator. Among men no effect was found. Therefore we hypothesized that urban green spaces might act as a buffer for the psychological stress effects of air pollution. Nonetheless, we are still at a formative stage of research and the evidence requires caution. 
